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PENETRATION OF ANIONIC SURFACTANTS INTO SKIN
III. PENETRATION FROM BUFFERED SODIUM LAURATE SOLUTIONS*
I. H. BLANK, Pn.D. AND E. GOULD, A.B.
From the data published in the two previous
papers (1, 2) of this series, it was concluded that
the synthetic anionic surfactants seem unable to
penetrate into undamaged, excised human skin
in detectable amounts. Penetration does occur,
however, from dilute, unbuffered solutions of
sodium laurate, a true soap. The unbuffered solu-
tions studied had a pH of 10.3 at the time of
application to the skin, but after contact with
the cutaneous surface for 20 hours, the pH had
dropped to 7.6 (1). When these data were re-
ported, no study had been made of the rate of
change of PH, or of penetration from aqueous
solutions which had been so buffered that the
pH would remain more nearly constant during
the period of contact. Data presented in this
paper show the amount of penetration which
occurs from such buffered sodium laurate solu-
tions into excised human skin, and also the
correlation between amount of penetration and
the ethyl ether/water partition coefficient of the
sodium laurate as the pH changes.
METROD5
The diffusion chamber used for studying pene-
tration into excised skin and the detailed method
for studying penetration of surfactants have
already been described (1, 3). In the study re-
ported here, sodium laurate was used in 0.005
M solution, a concentration which is thought
to be below that at which micelles form. The
buffer solutions used were SØrensen's glycocol,
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sodium chloride, sodium hydroxide solutions.
As the pH dropped to the 7.5 to 8.0 range, the
solutions at times were opalescent; apparently
the acid soaps formed at that pH are not com-
pletely soluble at a concentration of 0.005 M.
The amount of sodium laurate which penetrated
and reached the dermis after overnight exposure
(19—23 hours) to the buffered solutions at room
temperature was determined by extracting the
dermis with an aqueous acetone preparation (1).
All of the sodium laurate used had been syn-
thesized with C14 in the 1-position and had a
specific activity of 0.22 mc/g. One-milliliter
portions of the extract were carefully evaporated
to dryness in planehets and counted with a thin-
window Geiger-Mueller tube (Traeerlab #TGC-2)
and an Atomic Instrument Company sealer
(Model 4'1081). It is recognized that with this
technic one cannot be sure tbat the material
counted is sodium laurate. Particularly at low
PH, acid soaps are likely to form and it is possi-
ble that it is tbese acid soaps which penetrate and
are responsible for the radioactivity observed.
In order to determine the partition coefficients,
10 ml of 0.06% radioactive sodium laurate in
SØrensen's buffers was shaken with 10 ml of ethyl
ether (reagent grade) in a 125 ml separatory
funnel for 1 minute. After the two phases sepa-
rated, the radioactivity of each phase was de-
termined with a Tri-Carb liquid scintillation
counter. The liquid seintillator was a mixture of
88 parts of toluene and 12 parts of absolute ethyl
alcohol which contained 4 g PPO and 100 mg
POPOP per liter. To 15 ml portions of this scintil-
lator, 25 l of the aqueous phase or 50 jil of the
ether phase were added. The absolute number of
disintegrations per minute (dpm) was determined
by the use of internal standards. The partition
coefficient is calculated by dividing the dpm/q of
the ether phase by the dpm/Mg of the aqueous
phase.
Tests were made on the intact skin of humans
by placing 3 ml portions of 0.005 M sodium laurate
solution (not radioactive) in SØrensen's buffers
in 5 ml beakers such as are used for Beckman
Model G pH meters. These beakers were strapped
to the ventral surface of the forearm for 6 hours.
While they were in place, the subject could con-
tinue normal activity without noticeable leakage
of the solution.
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RESULTS
1. Penetration from Buffered Sodium
La'urate Solutions
When S ml of an aqueous solution of 0.005 M
sodium laurate are placed in the diffusion eham-
her in contact with 3.0 cm2 of skin, the pH of the
solution drops from 10.1 to 8.6 after 5 hours. In
our previously reported studies of penetration
from nnbuffered sodium laurate, therefore,
during most of the 20—24 hour contact period, the
pH of the solution was less than 8.6 even though
the initial pH had been 10.3. When the sodium
laurate solution is prepared in a SØrensen buffer
of pH 10.0 or less, the pH of the solution changes
less than 0.2 pH unit during contact with the
skin for 20—24 hours. From an initial pH of 11.0
or higher the pH may drop between 0.5 and 1.0
unit.
If the radioactivity of an extract of 1 cm2 of
dermis is determined after exposure to buffered
solutions for 19—23 hours, it is seen that very
little penetration occurs between pH 8.5 and pH
10.5, but that penetration increases as the pH
drops below 8.5 or is raised above 10.5. The
relationship between pH of solution in the
range 7.5 to 12.0 and amount of penetration is
shown in Fig. 1 where the radioactivity of the
extractives has been calculated as mMmols of
sodium laurate. Penetration from aqueous solu-
tions which have a pH less than 7.5 were not
studied because a fiocculent precipitate is formed.
If methanol is added to maintain solubility, the
curve does not appear to continue its steep rise as
the pH is decreased below 7.5.
Our current belief is that penetration from the
highly alkaline solutions results from some altera-
tion of the cutaneous barrier by the high alkalin-
ity. At the end of the period of exposure to these
alkaline solutions, the electrical conductivity of
the skin is high, an indication of barrier altera-
tion. If the skin has been exposed overnight to a
0.05 M solution of Na3PO4.12H20 (pH, 12.1)
and penetration from a sodium laurate solution
buffered at pH 10.0 is then measured, 135—225
mpmols of sodium laurate are found in each
square centimeter of dermis. Without this alka-
line pretreatment, no detectable amount of
sodium laurate is found.
A similar alteration of the barrier is not ob-
served in the lower pH range (pH, 7.5—8.5).
There is no more change in electrical conductivity
following exposure to solutions with a pH less
than 8.5 than to solutions whose pH lies between
8.5 and 10.5. Following pretreatment of the skin
with a buffer solution of pH 7.5, no more laurnte
penetrates the dermis from a sodium laurate
solution buffered at pH 9.5 than when the skin
has not been pretreated in this way.
As the pH of a soap solution is lowered, acid
soaps will be formed first, and subsequently,
when the pH is sufficiently low, the fatty acid
itself may be precipitated. The exact chemical
I
Fm. 1. Relationship between the pH of buffered
sodium laurate solutions and their penetration
into excised human skin.
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sodium laurate solutions and their ethyl ether/
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Fin. 3.Re1ationship between the ethyl ether/water partition coefficient of buffered sodium laurate
solutions and their penetration into excised human skin.
composition of an acid soap is not known. It is
reasonable to suspect, however, that acid soaps
may have greater solubility in lipid than do the
true soaps. If this is correct, it may explain the
greater penetration of the acid soaps, since data
are available to show that penetration into skin
tends to increase as lipid solubility increases (4).
2. Ether/Water Partition Coefficient of Buffered
Sodium Laurate Solutions
The partition coefficient between ethyl ether
and water is a measure of the relative ether- and
water-solubility of a substance. For many sub-
stances, general lipid-solubility parallels ether-
solubility. If the lipid-solubility of acid soaps is
greater than that of true soaps, one might expect
the ether/water partition coefficient to increase
as the pH of buffered solutions of sodium laurate
decreases and acid soaps form. Fig. 2 shows the
partition coefficient as a function of the pH of the
sodium laurate solution. The partition eeoffieient
is low (high water-solubility) when the pH is
above 10.0, but rises sharply when the pH is
decreased from 9.0 to 8.0.
From the curves in Figs. 1 and 2, a curve may
be drawn which shows the relationship between
the partition coefficient and the amount of pene-
tration into excised skin from solutions of sodium
laurate buffered in the pH range of 8.1 to 9.5
(Fig. 3). The penetration increases continuously
as the partition coefficient increases from 5.0 to
50.0, i.e., as lipid-solubility increases.
3. In Vivo Reaction to Buffered Sodium Laurate
Solutions
If penetration from sodium laurate solutions
into the intact skin of living man is the same as
or similar to the penetration into excised human
skin, and if penetration is a prerequisite to inflam-
mation in the skin, one might expect more
inflammation from laurate solutions at pH 7.5
than from similar solutions at pH 9.5. When 3 ml
quantities of 0.005 M bufered sodium laurate
solutions are held in contact with the normal skin
of an individual who has no known clinical reac-
tion to soap, erythema and pruritus develop
during the first 6 hours of contact when the pH
of the solution is 7.5, but there is no apparent
reaction when the pH is 9.5. The pH of neither
solution changes appreciably during the period of
contact.
DJ5CTJ55ION
The pH of solutions of soaps currently in use
for personal hygiene and for household cleaning
seldom exceeds 10.5. At a pH of 10.5 or lower,
there is not much indication that the skin is
damaged by the hydroxyl ion alone. We now
believe that the penetration observed when the
pH of the sodium laurate solution drops below
8.5 occurs through a relatively normal barrier and
that penetration has been made possible by the
increased lipide solubility of whatever acid soaps
or other fatty-acid compounds are formed.
Treherne (5) has studied the permeability of a
wide variety of compounds, including glucose,
ETHERI WATER PAR TI T/ON COEFFICIENT
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urea, glycerol, thiourea, methanol, ethanol and
ethyl iodide. All of the compounds listed have
reasonably good water-solubility and their ether/
water partition coefficients range from 0.0001
to 1.0. Their permeability constants increase as
their partition coefficients increase. It has been
thought that permeability might increase as the
ether/water partition coefficient increases up to
1.0, but then would decrease as the coefficient
continues to risc; in other words, maximum
permeability would be expected from those com-
pounds which have about equal lipid- and water-
solubility. Friberg, Skog and Wahlberg (6) have
shown that the rate of penetration of an organic
niercurial compound with an oil/water partition
coefficient of 8 is greater than that of mercuric
chloride with a coefficient of 2. They also show
that an organic phosphoryl-fiuoridc compound
with an oil/water partition coefficient of 14 has a
greater permeability rate than two other organic
phosphoryl-fluoride compounds (7) whose parti-
tion coefficients are 0.9 and 210. In our experi-
ments, penetration from the sodium laurate solu-
tions increased as the partition coefficient
increased from 5.0 to 50.0.
In an earlier publication, Blank (8) has stated
that "fatty acids give a more intense reaction
when maintained at a pH of 7.0 than at a pH of
5.0." More alkaline conditions had not been
studied when that statement was published, but
many observers, including the author, assumed
that irritation would continue to increase as the
pH rose still further. Current work tends to dis-
prove the validity of this assumption. Using a
somewhat different technic, it now appears that
as the pH rises to 9.5, irritation diminishes. This
milder reaction of the skin may be explained by
lower permeability under more alkaline condi-
tions.
The skin has the ability to neutralize externally
applied alkali and actually can cause the pH of
an unbuffered soap solution to drop. Since it
has been thought that soap is less irritating at a
low pH, it has been felt that this ability of the
skin to neutralize externally applied alkali would
tend to make externally applied soap less irritat-
ing. In view of the current finding of greater
irritation at pH 7.5 than at 9.5, however, it is
necessary to give some thought to the possibility
that the alkali-neutralizing power of the skin
may augment rather than diminish any cutaneous
irritation which may result from contact with
soap solutions.
SUMMARY
Penetration occurs from a buffered solution of
sodium laurate, if its pH is below 8.5 or above
10.5, but little or no penetration occurs from
solutions buffered in the 8.5 to 10.5 pH range.
As the pH of an aqueous sodium laurate solution
decreases, the ether/water partition coefficient
increases, i.e., lipid-solubility increases. Penetra-
tion from sodium laurate solution in the pH
range of 7.0 to 8.5 is thought to occur because of
this increased lipid-solubility. Penetration above
10.5 can be shown to be due to alteration of the
major barrier, since a sodium laurate solution
which will not penetrate normal skin, does pene-
trate skin which has been pretreated with a buffer
solution of pH 12.0.
Patch-test data for sodium laurate in buffered
solutions show that crythema develops at pH 7.5
but not at pH 9.5. For cutaneous irritations
caused by soap, it is now necessary to re-evaluate
the role of the fatty acids and alkali.
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